Vertebral compression fracture is common in osteoporosis, but can also occur due to bone metastases, for which current treatment options are limited and include bone-strengthening with cement and supportive care. Kyphoplasty is a surgical method of bone augmentation that can reduce pain, stabilize vertebral bone, and restore some or all of the vertebral body height. The aim of this study was to investigate the clinical results of balloon kyphoplasty in the correction of vertebral deformity due to metastatic vertebral compression fracture.
Background
Worldwide, the average lifespan is increasing, and the prevalence of vertebral compression fracture has become more common. Vertebral compression fracture, as a result of weakening of the bone, mainly occurs due to osteoporosis, but malignant tumors can metastasize to the vertebral bone, resulting in compression fractures. In some patients, the initial diagnosis of malignancy is found incidentally by imaging findings and from a biopsy of the tumor metastasis in the vertebral body in patients presenting with vertebral deformity.
Bone metastases from primary solid tumors are common, with a reported rate of 30-95% from primary breast, lung, bladder, and thyroid cancers [1, 2] . In patients with multiple myeloma, vertebral fractures can be due to osteolytic lesions in the course of the disease or from generalized osteoporosis [1] .
Spontaneous vertebral compression fractures can cause severe pain, kyphotic deformity, impaired respiratory function, and deterioration of quality of life. The main goals of the treatment of vertebral compression fracture are to reduce pain, improve functional ability, and reduce future risk of fracture [2] [3] [4] . Bed rest, analgesics, and the use of braces or corsets can be used in the conservative management of vertebral compression fractures. While non-surgical treatment may have limited effects, prolonged immobilization can also exacerbate osteoporosis and increase the risk of thromboembolic events.
Despite poor bone quality in fractured vertebrae, open surgery can be performed in patients with neurological deficit and also when intracanalicular bone fragments are present, but these methods carry a high risk, particularly in patients with co-morbidities [5] . The method of balloon kyphoplasty was introduced by Garfin and colleagues in 2015, who described the percutaneous approach to the vertebral body via the pedicle percutaneously to correct the vertebral height and kyphotic deformity [6] . Balloon kyphoplasty, which is a minimally invasive technique compared with open surgery, is effective in correcting pain and deformity. In this percutaneous procedure, the balloon is inflated and polymethyl methacrylate (PMMA) is injected into the corrected vertebra to fill the gap. Recent randomized controlled clinical trials have shown that in patients with vertebral compression fractures due to tumor metastases, percutaneous kyphoplasty, when compared with open surgery, reduces pain and improves patient functional ability and quality of life [5, 7] .
The aim of this retrospective clinical study was to investigate the clinical results of balloon kyphoplasty, a surgical method of bone augmentation, in the correction of vertebral deformity due to vertebral compression fracture associated with tumor metastases, in a single center. The initial postoperative and 12-month postoperative values and the preoperative and postoperative values were compared.
Material and Methods

Ethics approval and patient consents
This was a retrospective clinical study that compared patient symptoms and imaging findings before and after treatment. The study was conducted according to the principles of the World Medical Association Declaration of Helsinki, 'Ethical Principles for Medical Research Involving Human Subjects' (amended in October 2013). Informed consent was obtained from all patients who participated in the study.
Patients studied
This retrospective clinical review included 72 patients (82 vertebrae) who consecutively underwent balloon kyphoplasty for vertebral compression fractures due to metastases between 2013 and 2016 at our hospital. Seventeen (23.6%) of the patients were men and 55 (76.4%) were women; the mean age was 78.93±8.77 years. The demographic characteristics of the patients are shown in Vertebral radiographs and magnetic resonance imaging (MRI) examinations of affected vertebrae were evaluated in all patients. Preoperative and postoperative visual analog scale (VAS) score questionnaires were used to assess pain intensity. According to the requirements of the VAS, the patients were asked to rate their pain from 0 to 10, with 0 being the lowest score with no pain, and 10 being the highest score with the worst pain ever experienced.
The functional ability status of all patients in the study was assessed using the Oswestry Disability Index (ODI) scale [8] . The ODI consists of a self-completed questionnaire that contains 10 topics concerning the intensity of pain, the ability to lift, the ability to care for oneself, the ability to walk, the ability to sit, sexual function, the ability to stand, social life, sleep quality, and the ability to travel. Each topic category was followed by 6 statements describing different potential scenarios in the patient's life relating to the topic. In the standard ODI questionnaire, each patient checked the statement that most closely matched their situation.
Each question in the ODI questionnaire was scored on a scale of 0-5, with 0 being the lowest score with no disability and 5 being the highest score with the most severe disability. The scores for all questions answered were added together and then multiplied by 2 to obtain the ODI score (range 0-100).
For the ODI score, a score of 0 indicated no disability and a score of 100 indicated the maximum disability possible. The patients were followed-up at 1, 6, and 12 months. VAS and ODI evaluations of the patients were done postoperatively, and again at 1-month, 6-month, and 12-month follow-up examinations of all patients, including radiography and vertebral MRI.
Local kyphosis angle (KA), and vertebral height ratio (VHR)
Local kyphosis angle (KA) and vertebral height ratio (VHR) were measured via direct radiography. The local kyphosis angle was measured by the Cobb method. The VHR is the ratio of the height of the frontal edges of the lower and upper adjacent vertebrae to the height of the anterior margin of the fractured vertebra. Bone edema in acute fractures was shown by MRI with short tau inversion recovery sequences (STIR) (Figure 1 ). Intravenous contrast series were also evaluated in all patients. KA and VHR were recorded preoperatively and postoperatively at 1 and 12 months. The difference in KA at 1 and 12 months postoperatively was recorded as loss of correction.
Bone mineral density (BMD) measurements
Bone mineral density (BMD) measurements and the levels of the vertebral fractures were noted. BMD was measured 2144 preoperatively using bone densitometry, also called dual-energy x-ray absorptiometry (DEXA), in the lumbar spine (L1-L4) and the proximal femur. The mean BMD value was calculated as the mean value of the vertebrae in each patient from L1 to L4, the previous vertebral strengthened level value was subtracted from this mean, and the T-score of the patients (their BMD compared with a healthy adult) before the operation were recorded.
Surgical technique: Percutaneous balloon kyphoplasty
All procedures were performed in the operating room under sedation and local anesthesia. Cephazolin sodium (1 gm) was administered intravenously and all patients were placed in the prone position. The vertebral fracture level was centered with anteroposterior (AP) and lateral radiographic views, assisted by a mobile C-arm scope and monitor. Two 11-gauge Jamshidi biopsy needles were inserted percutaneously on AP imaging, entering the upper outer margin of the pedicle ring, with a transpedicular approach into the fractured vertebra corpus. Two guided Kirschner wires were used to place a cannula into the posterior half of the vertebral body. As in routine practice, each patient had a biopsy from the cannula in this area. Two balloons were simultaneously inflated, guided by the C-arm scope lateral view until the restoration of the vertebral height was observed. The balloons were deflated and 4-6 cc of polymethyl methacrylate (PMMA) was injected into the vertebrae via the pedicle. Postoperative AP and direct lateral radiographs were evaluated to detect any leakage of PMMA following kyphoplasty.
Statistical analysis
In this study, the initial postoperative and 12-month postoperative values were compared, and the preoperative and postoperative values were compared. Statistical analysis was performed using SPSS for Windows © software, version 21.0 (Armonk, NY, USA). Variables were analyzed using visual analysis, including histograms and probability plots. Analytical methods were investigated using the Kolmogorov-Smirnov and Shapiro-Wilk tests, to determine whether they were normally distributed. Descriptive data are presented using the mean and standard deviation (SD) for normally distributed variables. Since bone mineral density and kyphotic angle values were normally distributed, the t test was used to compare these parameters between the postoperative and the 12-month values. The VAS and ODI scores were not normally distributed, so the Wilcoxon test was used to compare the preoperative and postoperative values. A P-value <0.05 was considered to represent a statistically significant result.
Results
There were 72 patients (82 intervertebral bodies) who underwent percutaneous balloon kyphoplasty between 2013 and 2016. The mean follow-up period was 18.91±3.71 months and the mean bone mineral density (BMD) values of the patients were 3.19±0.46. Simultaneous kyphoplasty was performed in 8 patients in 2 levels and in 1 patient in 3 levels ( Table 1 ).
The preoperative local kyphosis angle (KA) measured in the patients in the study decreased from 13.45±6.73 to 7.67±1.67 in the first postoperative month and the vertebral height ratio (VHR) improved by 55.75±12.82% preoperatively to 75.33±10.21 in the first postoperative month (p <0.05). At the 12 th postoperative month, these values declined to 8.55±1.55 for the KA and 74.27±10.54 for the VHR, suggesting minimal and nonsignificant deterioration (Figure 2 ). The mean loss of correction was 0.88° at 12 months.
Preoperative VAS and ODI scores 8.11±0.83 and 65.51±7.32, respectively, which significantly declined by 6 months postoperatively to 2.01±0.77 and 25.67±5.28, respectively (p<0.001). The VAS and ODI scores by 12 months postoperatively significantly declined to 2.55±1.16 and 25.18±4.37, respectively (P<0.001) (Figure 3 ).
The mean polymethyl methacrylate (PMMA) volume was 5.21±0.91 ml. In 6 cases (8.3%) there was post-procedural cement leakage, associated with upper endplate fracture. No neurological complications were associated with cement leakage. Neighboring segment fractures were observed in 11 patients (15.2%) on follow-up.
Vertebral involvement with multiple myeloma was found in 4 patients who underwent kyphoplasty; 1 patient was found to have metastatic breast cancer; 1 patient had metastatic renal cancer; and 2 patients had metastatic adenocarcinoma of the lung. No tumor recurrence was observed at 12-month followup. However, 1 patient with metastatic gastric cancer died at 7 months postoperatively. Complications such as neurological deficit or cardiopulmonary embolism due to treatment were not observed in any patients.
Discussion
The main goals in the treatment of symptomatic vertebral fracture are pain relief, correction of vertebral height, and correction of kyphotic angulation [9] . Early intervention is important in this group of patients, who are usually elderly, to reduce morbidity and mortality. Vertebral compression fractures are most commonly seen in osteoporotic patients. However, in 10-15% of patients with vertebral fracture, an incidental malignant tumor metastasis is reported to be the cause [10] . In the present study, the rate of incidental malignancy was 12.5% (9/72), which is comparable with the previously published literature.
The aim of this study was to investigate the clinical results of balloon kyphoplasty in the correction of vertebral deformity due to a metastatic vertebral compression fracture. All patients were followed up for 12 months. The initial postoperative and 12-month postoperative values and the preoperative and postoperative values were compared. The main findings were that the preoperative vertebral height ratio (VHR) of the patients was 53.6±13.4% and the mean VHR was increased by 21.1% to 74.7±11.3% (p<0.005). The local kyphosis angle (KA) was 15.3±11.4 before the procedure and 8.02±2.9 after the procedure (P<0.005). In previously published studies, restoration of VHR with kyphoplasty was reported to be 12.8-31.7% and the KA correlation was 3.9-16.5° [11] [12] [13] . In these previous studies, the lowest KA cure rate was reported in patients with rheumatoid arthritis [14] .
In the present study, 1 patient died of gastric cancer 7 months postoperatively and was removed from the study. No tumor recurrence was found in the 12-month controls of the other patients with tumors, and no significant deterioration was found in the KA correction and VHR. Falco and Bochetti found a slight variation of deformation of VHR and KA only in 3 patients between the 5-year and immediate postoperative surgery follow-up [15] . In a previously published study, mid-thoracic and transition zone vertebral compression fractures showed significant improvement in VHR with balloon kyphoplasty [16] . Kyphoplasty has been proposed to be an effective method of improving KA and vertebral compression fractures [17] .
One of the alternative treatments for vertebral compression fracture is vertebroplasty and radiotherapy. In the vertebroplasty procedure, similar to kyphoplasty, only cement is given via a cannula placed in the vertebra corpus, but vertebra height restoration is not possible. Vertebroplasty has a high risk of symptomatic or asymptomatic cement leakage from procedural complications. The literature contains no non-randomized clinical trials on vertebroplasty in the pain treatment of vertebral compression fractures associated with cancer metastasis. Two randomized studies of vertebroplasty in osteoporosis patients compared non-surgical treatment with vertebroplasty [5, 18] . The first of these trials reported that there was no significant change in pain intensity at 3 and 12 months, but in a small group of patients. In the present study, with a larger number of patients, the decrease in pain intensity at the end of the 12 th month was more obvious.
In pathological analysis, due to vertebral metastasis, or osteoporotic vertebral compression fractures, balloon kyphoplasty has been shown to provide a significant reduction in pain intensity, and improved mobilization scores, including in a randomized controlled study of kyphoplasty in cancer patients that used the Roland Morris Disability Questionnaire (RDQ) [16] . However, a further randomized controlled clinical trial compared patients with balloon kyphoplasty with non-surgical osteoporotic patients with vertebral compression fractures, and showed that pain intensity and functional status improved significantly in the first month [19] . However, similar results were seen in the control group at the end of 12 months [19] . The findings of the present study also showed significant improvement in these scores (p<0.001), which might be due to effective VHR and KA correction, and that the 12-month loss of correction does not show any significant change. When patients with osteoporotic and pathologic vertebral compression 
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fractures were compared, no significant difference was found in terms of KA, VHR, VAS, and ODI scores (P>0.05).
Another factor in this study that might have contributed to the decrease in pain intensity was the amount of cement used in the vertebrae. This view is supported by a previously published study that showed that the pain relief effect in patients with vertebroplasty was related to the amount of cement applied to the vertebrae [20] . In this previous study, the authors argued that cement amounts of 4-8 ml gave adequate restoration and rigidity to the bones [20] .
However, excessive segmental polymethyl methacrylate (PMMA) augmentation can result in adjacent segment fractures. Kyphoplasty provides homogenous cement augmentation in spaces opened by the balloons on both sides of the spine while being effective in maintaining height restoration. In the present study, post-procedural pain decreased significantly, and mean cement volume was around 4.6±1.3 ml. Several previous authors have reported cement leakage of 4-45%. In a previously reported vertebroplasty series that included 37 patients, 29 patients had metastases and 8 patients had multiple myeloma [21] . Despite the patients showing excellent pain relief, in this previous study, surgery was required for 72.5% of patients with cement leakage and for 2 symptomatic patients who required neurological decompression [21] .
In the present study, 6 cases (8.3%) had cement leakage, and all of them were due to upper endplate fracture. In these patients, no neurological deficit due to cement leakage was observed and no additional surgical procedure was performed. In 2015, Zapałowicz et al. [22] reported 17% of patients with balloon kyphoplasty had cement leakage, while in the same year, Bouza et al. reported 27% of cases had cement leakage [13] . Therefore, kyphoplasty might be a more reliable method in terms of cement leakage than vertebroplasty.
The balloon kyphoplasty method is effective in KA and VHR correction and was found in the present study to reduce pain. Pain treatment and supportive care in metastatic spinal disease might extend the average lifespan for patients, and cement strengthening techniques have previously been used to facilitate early patient mobilization in the treatment of metastatic fractures due to lung adenocarcinoma, eosinophilic granuloma, and vertebral hemangioma. The use of PMMA to fill the gap formed when the deformity is corrected by balloon kyphoplasty is effective in forming a solid structure. This method makes early mobilization possible and provides increased functional capability by reducing pain.
A disadvantage of the percutaneous balloon kyphoplasty method is its high cost, but due to pain relief and shorter duration of hospital stay, the use of kyphoplasty may lead to long-term healthcare cost savings.
This study had several limitations. This was a retrospective study performed in a single center with a relatively small patient population eligible for inclusion in the study. The involvement of the same surgeon in performing the kyphoplasty technique each time may be a strength of the study, but the participation of a single surgeon might be criticized as introducing bias regarding patient selection or outcome. This study did not contain a control population of patients and we did not compare KA and VHR with operated pedicle screw patients. Therefore, a prospective, large-scale, multicenter, randomized, controlled study is needed to provide the evidence required to evaluate any future roles or recommendations for the use of percutaneous balloon kyphoplasty in the management of patients with vertebral metastases.
Conclusions
Percutaneous balloon kyphoplasty is an effective method to reduce pain and improve quality of life by eliminating kyphotic deformity in pathological vertebral fractures. In particular, a biopsy is recommended for the detection of incidental tumors during treatment of osteoporotic vertebral fractures.
